Background {#Sec1}
==========

Soil-transmitted helminthiasis and schistosomiasis are the most common parasitic infections especially in developing countries \[[@CR1]\]. Nearly, 1.5 billion people (24% of the world's population) are infected with soil-transmitted helminths.More than 267 million preschool-age children and over 568 million school-age children live in areas where these parasites are intensively transmitted. \[[@CR2]\]. Based on the World Health Organization (WHO) estimation, there are 700--900 million hookworm and 200 million Schistosoma infections worldwide \[[@CR3]\]. They are the major causes of morbidity and mortality in the Sub-Saharan countries \[[@CR3], [@CR4]\]. The disease burden and the public health importance of these parasites are still concerns in developing countries like Ethiopia \[[@CR5]\].

Poverty, poor living conditions, personal and environmental hygiene, sanitation and water supply facilities are some of the contributing factors for the high prevalence of soil-transmitted helminths and *Schistosoma mansoni* \[[@CR6]\]. Moreover, the high prevalence of schistosomiasis is mainly associated with poor water management system during irrigation, close contact habit to freshwater bodies, open defecation and wide distribution of the snail intermediate host \[[@CR7]\].

Infections by soil-transmitted helminths and *Schistosoma* species lead to malnutrition, iron deficiency anemia, stunted growth and increased vulnerability to other infections \[[@CR8]\] and low educational achievement in school children \[[@CR9]\].Current control programs for helminths infection focused on reducing infection intensity and transmission potential, primarily to reduce morbidity and avoid mortality associated with the disease \[[@CR10]\].

Despite a range of prevention and control efforts of helminthic infections, the prevalence of soil-transmitted helminths and schistosome infections is still high in several localities of Ethiopia. There is also a lack of information on the factors of *S. mansoni* and soil-transmitted helminths infections in the study area. Therefore, the aim of this study was to assess the magnitude of helminth infections and associated risk factors so that to design effective prevention and control measures.

Materials and methods {#Sec2}
=====================

Study design, area and period {#Sec3}
-----------------------------

A cross-sectional study, aimed at determining the prevalence of intestinal parasite infections and determinant factors among school children was conducted in rural Bahir Dar, Amhara Regional National State, Northwest Ethiopia from April--June 2017.

The altitude of the area is between 648 and 1300 m above sea level. The annual temperature and rainfall of the study area are 18--22 °C and 1419 mm, respectively. There is a small-scale irrigation on Andasa and Abay rivers in the study area.

In this particular study, Sebatamit primary school students age ranging from 7 to 14 years and willing to participate in the study were included. A total of 409 students from grade 1--7 were recruited to the study. Systematic random sampling technique was used to select the classes in the school and the students in each class. All Sebatamit primary school students aged 7--14 years and signed the assent form and parents signed written consent forms were included.

Data collection {#Sec4}
---------------

A structured questionnaire was used to obtain socio-demographic information, present and past history of the participants and environmental related factors by interviewing the students. The questionnaire was filled by nurses. The data collectors were regularly supervised within ten participants' variation by the principal investigator.

Freshly passed stool specimens were collected using a clean plastic cup at the school. The stool cups were labeled based on their section and role number. The laboratory professionals took part in all processes of stool collection, transportation, and examination. The stool samples were processed for microscopic examination by Ritchie's concentration method. The stool examination was done in Bahir Dar University, College of Medicine and Health Sciences, Department of Microbiology, Immunology, and Parasitology teaching laboratory.

### Ritchie's concentration method {#Sec5}

About 2.5 ml of formalin and 1 ml of ethyl acetate was in the sample collection tube. Then, 0.5 g of stool sample was put inside the sample collection tube and left to stand for a minute. Both pieces of the device were screwed until it is well closed and centrifuged at 1000 rpm for 3 min. The sample collection tube and filtration concentration unit were discarded. The supernatant was removed from the conical tube and a small amount of sediment was put on a glass slide for examination at 10× & 40× objectives.

Data quality assurance {#Sec6}
----------------------

To ensure reliable data collection, training of nurses and laboratory technicians on data collection and explanation about the study were given before sample collection. The data collection, application of standard procedures, and accuracy of test results were supervised by the principal investigator. Close follow up by the principal investigator within ten patients' variation during data collection process was done. Specimens were cross-checked by the principal investigator to increase the accuracy of laboratory results.

To eliminate observer bias, the smears were examined independently with experienced laboratory technologists and 10% of the total slides will be randomly selected and read by the principal investigator. The results of their observation were recorded for later comparison on separate sheets. A quality control was done by repeating all discordant results.

Data analysis {#Sec7}
-------------

Data were entered and analyzed using SPSS version 22 statistical software. Overall magnitude, of parasitic infection, was calculated using descriptive statistics. The strength of association between parasites infections and determinant factors was calculated by binary logistic statistics. Those variables with *P* \< 0.2 in the binary logistic regression were taken to multiple regression analysis and the AOR was calculated to control potential confounders. *P*-values less than 0.05 were taken statistical significant.

Results {#Sec8}
=======

The overall prevalence of single, double and triple intestinal parasite infection was 47.2, 10.0 and 0.98%, respectively. Hookworms (31.7%) were the predominant species identified followed by *Schistosoma mansoni* (8.0%), and *Entamoeba histolytica* (5.4%) (Table [1](#Tab1){ref-type="table"}). The highest prevalence of *S.mansoni* was recorded for boys (21%), older children (21.4%) and rural children (17.6%) (*P* \< 0.05). *S.mansoni* infection was also higher among children whose family drinking water was sourced from streams (P \< 0.05). The odds of infection was higher in this group (AOR = 0.34, 95% CI: 0.162--0.707; *P* = 0.004) (Table [2](#Tab2){ref-type="table"}).Table 1Prevalence of intestinal parasites among primary schoolchildren in rural Bahir Dar, Northwest Ethiopia, 2017Parasite speciesN[o]{.ul} infectedPercent (*n* = 409)Single infection Hookworm *Spp*13031.7 *Schistosoma mansoni*338.0 *Entamoeba histolytica*225.4 *Ascaris lumbricoides*51.2 *Strongyloides stercolaris*10.2 *Taenia* spp10.2 *Giardia lamblia*10.2Double infection *S. mansoni* + Hookworm *spp*174.2 Hookworm *spp* + *E. histolytica*163.9 Hookworm + *Giardia lamblia*30.7 *E. histolytica* + *Giardia lamblia*20.5 *A.lumbricoides* + *E. histolytica*10.2 *S. mansoni* + *E. histolytica*10.2 *S. mansoni* + *A. lumbricoides*10.2Triple infection *S. mansoni* + Hookworm *spp* + *E. histolytica*10.2 *S. mansoni* + Hookworm *spp* + *G. lamblia*20.5 *S. mansoni* + Hookworm *spp* + *S. stercolaris*10.2Negative17242.0Table 2The prevalence and factors associated with *Schistosoma mansoni* among primary schoolchildren in rural Bahir Dar, Northwest Ethiopia, 2017Variables*Schistosma mansoni* infectionP-valueAOR (95% CI)Positive *n (%)*Negative *n (%)*Total (n = 409)Age 7--1028 (10.1)250 (89.9)278 (68.0)0.0022.1 (1.1--4.2) 11--1428 (21.4)103 (78.6)131 (32.0)Sex Male39 (21.0)147 (79.0)186 (45.5)0.0022.9 (1.5--5.7) Female17 (7.6)206 (92.4)223 (54.5)Residence Urban41 (17.6)192 (82.4)223 (57.0)0.0020.301 (0.14--0.64) Rural15 (8.5)161 (91.5)176 (43.0)Water source Pipe15 (7.5)184 (92.5)199 (48.7)0.0043.0 (1.41--6.2) Stream41 (19.5)169 (80.5)210 (51.3)Bathing Yes52 (18.3)232 (81.7)284 (69.4)0.0343.7 (1.1--12.2) No4 (3.2)121 (96.8)125 (30.6)Washing clothes Yes51 (19.2)215 (80.8)266 (65.0)0.0223.4 (1.2--9.7) No5 (3.5)138 (96.5)143 (35.0)Swimming Yes49 (20.8)187 (79.2)236 (57.7)0.0232.8 (1.2--6.9) No7 (4.0)166 (96.0)173 (42.3)Irrigation Yes45 (19.7)183 (80.3)228 (55.7)0.0102.8 (1.3--6.0) No11 (6.1)170 (93.9)181 (44.3)TotalPositive56 (13.7)353 (86.3)409 (100)

Domestic activities accounted for the majority of reported water contacts. The majority (69.4%) of subjects interviewed reported that they bathed in the nearby stream. Similarly, about 65% of the respondents encountered water contact for washing clothes. Besides, 57.7% of the school children frequently practiced swimming. About half of respondents reported that the water for drinking and cooking was collected from streams. School children who frequently encounter contact with stream/river water during bathing (AOR = 3.7, 95% CI: 1.1--12.2; *P* = 0.034), washing clothes (AOR = 3.4, 95% CI: 1.2--9.7; *P* = 0.022), swimming (AOR = 2.8, 95% CI:1.2--6.9; *P* = 0.023) and irrigation (AOR = 2.8, 95% CI:1.3--6.0; *P* = 0.01) had higher odds of *S. mansoni* infection (Table [2](#Tab2){ref-type="table"}).

The overall prevalence of hookworm infection was 41.1%. Significantly higher proportions of Hookworm infection were recorded for older children (AOR = 2.3, 95% CI: 1.08--4.89; *P* = 0.029), boys (AOR = 1.9, 95% CI: 1.12--3.24; *P* = 0.018), rural children (AOR = 1.8, 95% CI: 1.04--3.0; *P* = 0.037). Regular shoe wearing (AOR = 0.29, 95% CI: 0.16--0.50; *P* = 0.00) was protective for hookworm infection. Higher odds of hookworm infection was also recorded among schoolchildren who did not have the habit of regular latrine usage (55.8%), those practicing geophagy (50.6%) and eat raw vegetables (48.2%) (Table [3](#Tab3){ref-type="table"}).Table 3The prevalence and factors associated with Hookworm infection among primary schoolchildren in rural Bahir Dar, Northwest Ethiopia, 2017VariablesHookworm infectionP-valueAOR (95% CI)Positive *n* (%)Negative *n* (%)Total (*n* = 409)Age (Yrs)7--9154 (44.5)192 (55.5)346 (84.6).0292.3 (1.09--4.89)10--1414 (22.2)49 (77.8)63 (15.4)SexMale78 (41.9)108 (58.1)186 (45.5).0181.9 (1.12--3.24)Female90 (40.4)133 (59.6)223 (54.5)ResidenceUrban74 (31.8)159 (68.2)223 (57.0).0371.8 (1.04--3.01)Rural94 (53.4)82 (46.6)176 (43.0)Hand wash before mealYes128 (36.1)227 (63.9)355 (86.8).0102.9 (1.29--6.65)No40 (74.1)14 (25.9)54 (13.2)Regular latrine useYes28 (17.7)130 (82.3)158 (28.6).0122.2 (1.19--4.18)No140 (55.8)111 (44.2)251 (61.4)Frequency of shoe wearingAlways44 (10.8)163 (67.6)1 (0.2).0000.3 (0.16--0.50)Sometimes124 (30.3)78 (32.4)408 (99.8)GeophagyYes44 (50.6)43 (49.4)87 (21.3).0521.6 (1.0--2.6)No124 (38.5)198 (61.5)322 (78.7)IrrigationYes90 (39.5)138 (60.5)228 (55.7).0501.61 (1.00--2.60)No78 (43.1)103 (56.9)181 (44.3)Eating raw vegetablesYes137 (48.2)147 (51.8)284 (69.4).0111.2 (1.1--1.7)No3 1(24.8)94 (75.2)125 (30.6)TotalPositive168 (41.1)241 (58.9)

Discussion {#Sec9}
==========

Epidemiological study on the prevalence and distribution of helminthic species in different localities is a primary objective to identify high-risk communities and formulate appropriate intervention \[[@CR11]\]. Assessing factors associated with the infection of parasites enables determining priorities for public health measures to prevent parasitic infections \[[@CR12]\].

The overall prevalence of *S. mansoni* was 8.0% in our study and it was lower than other studies conducted among school children in different parts of Ethiopia which reported prevalence greater than 30% \[[@CR13]--[@CR18]\]. This lower prevalence might be attributed to the sporadic deworming programs conducted by Amhara Regional Health Bureau. The multivariate analysis showed that sex was independently associated with *S. mansoni* infection in our study. Consequently, the prevalence of *S. mansoni* was significantly higher in males than females. It was consistent with findings from different parts of Ethiopia \[19--22\]. However, higher prevalence of *Schistosoma mansoni* infection in females than males was reported in different localities of Ethiopia such as Gorgora \[[@CR19]\], Tseda \[[@CR20]\], and Zarima \[[@CR21]\]. These inconsistent reports might be attributed to differences in water contact behavior of males and females. For instance, males encounter frequent water contacts for swimming, bathing and agricultural activities (irrigation), while females reported more contacts for household activities such as washing clothes and/or utensils and fetching water for household consumption from rivers/streams.

Age was also the other independent variable found to be significantly associated with *S. mansoni* infection in the multivariate analysis. Accordingly, the prevalence of *S. mansoni* was higher in the oldest age group (11--14) years. This is consistent with reports of many researchers in different localities of Ethiopia in which schistosomiasis was consistently higher in the second decade of life \[[@CR22]--[@CR25]\]. This might be justified by the fact children in this age group encounter frequent/regular water contacts for leisure (swimming, bathing) and agricultural activities (irrigation) and washing clothes. Similarly, higher rate of infection was observed for rural children than urban counterparts. This is in agreement with other studies conducted in northwest Ethiopia and North Ethiopia \[[@CR24]\].This might be due to the higher tendency of infested water exposure of rural children as they are frequently engaged in water-based activities such as irrigation as they inhabit in the proximity of Abay and Andasa rivers.

The habit of frequent contact with cercariae-infested water such as swimming in the river, washing clothes and utensils using river water, and irrigation activities showed a statistically significant association with *S. mansoni* infection. This is similar to the previous findings reported in Ethiopia \[[@CR21], [@CR22], [@CR26], [@CR27]\], and elsewhere \[[@CR28], [@CR29]\]. The prevalence of *S. mansoni* was higher in school children who had a habit of frequent swimming, washing clothes, bathing and engaging in irrigation activities than those who did not. This might be due to the presence of cercariae infected water bodies in the surrounding of study areas.

The overall prevalence of hookworm in this study is 41.1%. It was comparatively lower than previous reports from different areas of Ethiopia \[[@CR30], [@CR31]\], and Paraguay \[[@CR32]\]. Higher than the present finding was reported in Gorgora \[[@CR19]\], Mirab Abaya \[[@CR33]\], western Ethiopia \[[@CR34]\], south Ethiopia \[[@CR35]\], Plateau State Nigeria \[[@CR36], [@CR37]\], and Thailand \[[@CR38]\]. The observed differences in the rate of infection could be due to variations in geography and types of soil, socio-economic conditions, hygienic practices of the population, the methods employed for stool examination and the time of the study, and sample size used.

Several cross-sectional studies have identified the risk factors of hookworm infection in the world. Hookworm infection is acquired via exposure to the soil where filariform larvae live in and penetrate human skin. In addition, *Ancylostoma duodenale* is also acquired by ingestion of food contaminated by the filariform larvae. Similarly, our study showed several factors are significantly related to hookworm infection. Consequently, the odds of hookworm infection was 1.9 times higher in boys than girls. It was in agreement with studies conducted in certain parts of Ethiopia \[[@CR30], [@CR39], [@CR40]\] and Brazil \[[@CR41]\]. The higher prevalence of hookworm in boys in our study might be because boys usually help their parents in agricultural activities where shoe wearing is not convenient. We also observed that most of the school children and particularly boys wore non-protective shoes ("ergendo" in Amharic).

Multivariate analysis also revealed that children aged 10--14 years were 2.3 times at higher odds of hookworm infection compared to their younger counterparts. This might be attributed to their play behavior and lack/ignorance of shoe wears. On the other hand regular shoe wearing was found to protective for hookworm infection in our study (AOR = 0.3, 95% CI: 0.16--0.50; *P* = 0.00). It was in agreement with other studies conducted in different parts of Ethiopia \[[@CR21], [@CR42]\].

This might be because the mode of transmission of hookworm species is often through barefoot penetration by infective filariform larvae.

Eating raw vegetables was also strongly associated with hookworm infection. This might be explained by fact that *Ancylostoma duodenale* can be acquired by ingestion of filariform larvae in food, and this epidemiological feature can possibly occur in areas where *A. duodenale* predominates \[[@CR43]\]. However, this study lacks evidence on the hookworm species that prevails in the study area. Rural children were at higher odds of hookworm infection than their urban counterparts. This might be attributed to a higher frequency of exposure to soil\` due to lack of shoes, and during agricultural activities, playing and coming to the school of the rural children.

Conclusion {#Sec10}
==========

Hookworm infection and schistosomiasis are public health concerns in the study area. Various demographic characteristics, water based activities and recreational water contact were strongly associated with *S. mansoni* infection. Similarly, failure to wear shoe regularly and other risky behaviors of children, such as geophagy and eating raw vegetables were also predictors of hookworm infection. Hence health education should be delivered regularly to minimize/avoid the risky behaviors and water-based activities and deworming programs should also be implemented on a regular basis.
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